Recently, several kinds of nanometer-sized luminescent materials, such as semiconductor nanocrystals (quantum dots), plasmon-resonant nanoparticles, and luminophore-doped silica nanoparticles, have been developed and used as luminescence probes for biological detections and biotechnologies.
The luminescent nanomaterials are more highly photo-stable and more strongly luminescent than the commonly used organic dyes, which allows them to be used favorably as luminescence probes for biological detection. The main problem of using nanoparticle luminescence probes in bioassays is that a luminescence measurement is easily affected by strong nonspecific scattering light, such as Tyndall, Rayleigh and Raman scattering. This problem has limited their effective application to quantitative bioassays. Although polystyrene latex particles containing a high concentration of an Eu 3+ fluorescent chelate have been developed as fluorescence probes for highly sensitive TR-FIA, 5, 6 polystyrene latex particles have drawbacks 4 of large size (> 100 nm), swelling and dye leaking, a tendency to agglomerate in an aqueous medium due to their hydrophobic property, and a difficulty of separation from solution in a surface modification and bio-labeling processes.
In the present work, a novel technique of covalent bindingcopolymerization was developed to prepare silica-based fluorescent europium nanoparticles. Before preparation, a fluorescent Eu 3+ chelate, 7 4,4′-bis(1″,1″,1″,2″,2″,3″,3″-heptafluoro-4″,6″-hexanedion-6″-yl)chlorosulfo-o-terphenyl (BHHCT-Eu 3+ ), was covalently bound to 3-aminopropyltriethoxylsilane (APS-BHHCT-Eu 3+ ) by reacting 0.25 mmol of BHHCT, 0.125 mmol of EuCl3·6H2O and 2.5 mmol of 3-aminopropyl-triethoxylsilane (APS) in 1.0 ml of cyclohexane for 2 h at room temperature. The nanoparticles were then prepared by adding 30 µl of a cyclohexane solution containing APS-BHHCT-Eu 3+ and free APS, 200 µl of tetraethyl orthosilicate (TEOS) and 200 µl of concentrated ammonia water to a water-in-oil microemulsion prepared by mixing 4.74 g of Triton X-100, 3.64 g of n-octanol, 14.50 g of cyclohexane and 1.10 g of water. After the solution was stirred for 24 h at room temperature, the nanoparticles were isolated from the microemulsion by adding acetone, centrifuging, and washing with ethanol and water several times to remove any surfactant and unreacted materials. Different from luminophore-doped silica nanoparticles, such as Ag/SiO2, 8 Au/SiO2, 9 CdS/SiO2, 10 and 2,2′-bipyridine-Ru 2+ chelate/SiO2 4 nanoparticles, since the Eu 3+ chelate molecules were covalently bound to silicon atoms in the nanoparticles to protect the nanoparticles from dye leaking, the fluorescence of the new nanoparticles is highly stable during the washing, surface modification, bio-labeling, and bioassay processes. Furthermore, because the nanoparticles were prepared by the copolymerization of APS-BHHCT-Eu 3+ , free APS and TEOS, free amino groups, have been directly introduced to the nanoparticle's surface. These amino groups made surface modification and bioconjugation of the nanoparticles easier.
Measurements by transmission electron microscopy (TEM) show that the nanoparticles were spherical and uniform in size, 37 ± 3 nm in diameter (Fig. 1) . The excitation and emission spectra (Fig. 2) of free APS-BHHCT-Eu 3+ and the nanoparticles measured with the time-resolved fluorescence detection mode showed that the excitation and emission maximum wavelengths were 332 and 611 nm for APS-BHHCT-Eu 3+ , and 336 and 611 nm for the nanoparticles, respectively. There was no significant difference in the spectrum patterns between free APS-BHHCTEu 3+ and the nanoparticles. Assuming that the density of the nanoparticles is equal to pure silica (1.96 g/cm 3 ), 4 the weight of one nanoparticle of 37 nm can be calculated (1.96 × 4/3 × π × r 3 ) to be ca. 5.2 × 10 -17 g. Thus, the concentration of the nanoparticle solution (1 mg/L) used for Fig. 2 New silica-based europium fluorescent nanoparticles having surface amino groups were prepared by a covalent bindingcopolymerization technique. In the nanoparticles, the fluorescent Eu 3+ chelate molecules were covalently bound to silicon atoms to protect the nanoparticles from dye leaking in bio-applications. The amino groups on the surface of nanoparticles made the surface modification and bioconjugation of nanoparticles easier. The nanoparticles were characterized and developed as a new type of fluorescence probe for a highly sensitive time-resolved fluoroimmunoassay (TR-FIA) of human hepatitis B surface antigen (HBsAg).
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ca. 3.2 × 10 -11 M. According to the fluorescence intensities of Fig. 2 , the fluorescence of the nanoparticles was about 1.8 × 10 5 -fold stronger than that of free APS-BHHCT-Eu 3+ at the same molar concentration. The fluorescence lifetime of the nanoparticles in aqueous solution was measured to be 384 µs. This result shows that the nanoparticles had a sufficiently long fluorescence lifetime for a time-resolved fluorescence measurement. 7 To evaluate the usefulness of the fluorescent nanoparticles for TR-FIA, the nanoparticle-labeled streptavidin (SA) was prepared and used in TR-FIA. The nanoparticle-labeled SA was prepared by the following method. After 1.0 mg of nanoparticles, 5 mg of bovine serum albumin (BSA) and 0.3 ml of 1% glutaraldehyde were stirred in 1.0 ml of 0.1 M phosphate buffer of pH 7.1 for 24 h at room temperature. The nanoparticles were then centrifuged and washed with the phosphate buffer. The nanoparticles and 1.0 mg of SA were added to 0.2 ml of phosphate buffer containing 1% glutaraldehyde, and the solution was stirred for 24 h at room temperature. After 1 mg of NaBH4 and 0.5 ml of water were added, the solution was further stirred for 2 h at room temperature. The nanoparticle-labeled SA was centrifuged and washed with water, and further purified by gel filtration chromatography on a Sephadex G-50 column with 0.05 M NH4HCO3 of pH 8.0 as the eluent. The nanoparticle-labeled SA was diluted 300-fold with 0.05 M Tris-HCl buffer of pH 7.8 containing 0.2% BSA, 0.1% NaN3 and 0.9% NaCl, and used in a sandwich-type TR-FIA of human hepatitis B surface antigen (HBsAg). A calibration curve of human HBsAg is shown in Fig. 3a . The detection limit, calculated with the concentration corresponding to 3 standard deviations of the background signal, is 23 pg/ml, whereas that of the assay using the BHHCTEu 3+ -labeled SA 11, 12 is 84 pg/ml (Fig. 3b) . It is known that the sensitivity of TR-FIA using the BHHCT-Eu 3+ -labeled SA is very high. 7, 11, 12 The present result indicates that the sensitivity of TR-FIA can be further improved by using new nanoparticles as a fluorescence probe.
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